INTRODUCTION
After finding of anomalously high concentrations of the platinum group elements (PGEs) in Cretaceous-Tertiary (K-T) boundary sediments worldwide (Alvarez et al., 1980; Ganapathy, 1980; Kyte et al., 1980; Smit and Hertogen, 1980) , asteroid impact has been used to explain the mass extinction at that time. As well as high PGEs concentration, the discovery of abundant spheroidal debris (Smit and Klaver, 1981; Montanari et al., 1983) and shocked minerals (Borhor et al., 1984) in those sediments demonstrated that the asteroid impact is truly a global phenominon. Hildebrand sediments are widely distributed and K-T transitional formations are found in several sites. In 1995 and 1996 we have carried out geological field research on K-T transitional formations of several locations along Black Sea region (Matsumaru et al., 1996; Matsumaru et al., 1997) . Especially in Medetli, Gölpazari (about 120 km southeast from Istanbul) (Fig. 1) , a clear section crops out. In this report, we present the results of chemical analyses of boundary layers, and provide element profiles across the boundary. Iridium and other platinum group element concentrations of some samples were also tried to determine. We compare the results with those of the other K-T boundary sediments of the world.
STRATIGRAPHY
In the Medetli region, upper Cretaceous (Maastrichtian) sandstone of Tarakli Formation is overlaid by lower Paleocene limestone of Selvipinari Formation (Dizer and Meriç, 1983) . A schematic cross section is shown in Fig. 2 , and an outcrop photo is added in Fig. 3 . Layers A and B correspond to the Tarakli Formation and layer C to the Selvipinari Formation. The layer A is Exogyra-bearing sandstone. Layer B does not contain any fossils. In some sites, submarine cave or small channel in which limestone deposed convex downward is seen (Fig. 2) . Layer A is composed of coarse to medium grained gray colored sandstone, and Exogyra is found in coarse-grained sandstone layer. Layer B consists of fine-grained yellow colored sandstone and intercalated thin goethite-rich layers. Geothite-rich layers are generally thin (3 mm to 8 mm) and form layers or thin lenses within the fine-grained sandstone. One to several layers of them are parallely intercalated (Fig. 2 ). Layer C (Selvipinari Formation) is a white-colored limestone which contains Laffittenina bibensis Marie and Mississippina sp. This limestone is more than 20 m thick. The lowest parts of the limestone are all silicified. From the available biostratigraphical data, there may be a small(or major) hiatus at the boundary between layer A and layer B and/or between layer B and layer C. These stratigraphical and sedimentological features are different from those of well-known K-T sites (e.g., Gubbio in Italy, Stevns Klint in Denmark and Woodside Creek in New Zealand), in which only thin clay layer exists as K-T boundary.
Because layer B is devoid of fossils, we could not clearly determine the K-T boundary in this section. In this report, we assumed that the layer B is the transitional layer of the K-T time.
PETROGRAPHY AND MINERALOGY
We collected fresh rock samples and checked thin section of sedimentary rocks under the microscope and tried X-ray diffraction measurement of powdered rock samples. The sandstone in layer A is composed of sub-rounded quartz and feldspars and some rock fragments. The grain size is generally 0.3-0.5 mm. Polycrystalline quartz and feldspars are abundant. In X-ray diffraction, quartz, kaolinaite, illite and smectite were detected. Sandstone in layer B is composed of 0.3-0.4 mm size quartz and feldspar grains, and goethite is also included (though not detected in X-ray measurement). Besides quartz, kaolinite and illite are also detected by X-ray diffraction. The goethite-rich layer within layer B consists of goethite, quartz and feldspar grains. X-ray diffraction showed quartz, kaolinite, illite and goethite from this layer. In the samples we investigated, shocked quartz grains, mineral or glass spherules and Ni-rich spinel (e.g., Kyte and Smit, 1986; Bohor et al., 1987; Izett, 1990; Montanari, 1991; Koeberl, 1994; Robin et al., 1992; Rocchia et al., 1996; Bostwick and Kyte, 1996; Keller et al., 2002) have not been found yet.
ANALYTICAL METHODS
We have analyzed 24 samples from three sections (section M1, M2 and M4). Major element concentrations for the samples except limestones were measured using X-ray fluorescence (XRF) spectrometer, and those for limestone samples were determined by inductively coupled plasmaatomic emission spectrometer (ICP) at the Saitama University. Detection limits for XRF method are 0.01 wt.% for all major elements, and those for ICP are better than 0.01%. Ba, Sr, Y, Zr and V were measured by ICP method. Chromium, Co, Th, U, Cs, Hf, As, Sb and Sc were measured by instrumental neutron activation analysis (INAA) method, and Rb, Ni, Cu and Zn, and rare earth elements (REEs) were determined by inductively coupled plasma-mass spectrometry (ICP-MASS) method, both by Activation Laboratories Ltd., Canada. We used standard rock samples of JB-1a (basalt) and JG-1a (granite) (Ando et al., 1987) for all analyses for checking the accuracy. Detection limits for ICP and INAA methods are 3 ppm for Ba, Sr, Y and Zr, 2 ppm for V, 0.5 ppm for Cr, 0.1 ppm for Co, Th and U, 0.2 ppm for Cs and Hf, 1 ppm for As, 0.1 ppm for Sb and Sc. Detection limits for ICP-MASS method are 0.1 ppm for Rb, 5 ppm for Ni, Cu and Zn, and 0.01 ppm for all rare earth elements.
Platinum group elements (PGEs) including Ir were determined by neutron activation analysis with NiS fire-assay preconcentration. The detailed procedure appears elsewhere (Li and Ebihara, 2003) . Here are some outlines of the analytical procedure. Each powdered sample (1 g) was well mixed with the following fluxes; Na 2 B 4 O 7 (2 g), Na 2 CO 3 (1 g), SiO 2 (0.1 g), Ni (0.1 g) and S (0.1 g). They were fused for 2 hours at 1000°C. After fusion, NiS beads were mechanically separated and then dissolved in 6M HCl. PGE precipitates were recovered on a hydrophilic PTFE (polytetrafluoroethylene) filter by filtration. Filters containing PGE residues were irradiated with neutrons at the JRR-4 reactor of the Japan Atomic Energy Research Institute. Irradiations were repeatedly performed twice. The shorted irradiation was performed by using a pneumatic transfer system. Samples including reference chemical standard samples were individually activated for 30 s with a thermal neutron flux of 4.5 × 10 13 n/cm 2 /s and a Cd ratio of 3.6. After 2 to 5 min cooling, each sample was counted for 300 s for 104m Rh (half live: 4.36 m) with a high-purity germanium semiconductor detector (HPGe) with a relative counting efficiency of 20% and an energy resolution of 
RESULTS AND DISCUSSION

Element profiles of boundary sediments
Analytical results of element concentrations are shown in Tables 1-3. Figure 4 indicates a profile of Fe concentration of section M2. The concentration is generally low in layers A, B and C, but increase in the goethite-rich layer (3-02a) within layer B. A small peak is also seen in 3-07 sample of layer B. The other major elements (Al 2 O 3 , MgO, MnO, Na 2 O and K 2 O) are slightly lower in layer B compared with layer A. These major elements show no increase in concentrations in goethite-rich layers. Figure 5 shows some trace element profiles in the Medetli section M2. Peaks of Ni, Co, Cr, As, Sb and Sc (Fig. 5 and Table 2) are also seen in a goethite-rich layer (3-02a). Small peaks in Ni and Co are found in 3-07. The Cu and Zn concentrations also show similar profiles (Table 2). In section M1, Fe, Ni, Co, As, Zn, Sb and Sc are extremely enriched in goethite-rich layer (MD00f) (Fig. 6 and Table 2 ). About 23 wt.% of Fe, 29 ppm for Co, 194 ppm for Ni and 580 ppm of As are detected in this layer. These elements are very low in the layers A, C and layer B except for the goethite-rich layers. In section M4, a similar trend is obtained (Tables 1-2 ). In 5-04 sample (goethite-rich layer) of section M4, 24 wt.% of Fe, 42.5 ppm of Co, 349 ppm of Ni, 443 ppm of Cr and 851 ppm of As are determined. These high concentrations of Fe, Co, Ni and Cu are generally found in K-T boundary layers in the world (e.g., Alvarez et al., 1980; Kyte et al., 1980; Smit and Ten Kate, 1982; Schmitz, 1988) . Concentrations of and Co (29-43 ppm) for the goethite-rich layers in this study are in the range of those for the well-known marine K-T boundary sediments (66-1370 ppm for Ni and 7-230 ppm for Co) (e.g., Gilmour and Anders, 1989) . Also high concentrations of chalcophile elements, such as As, Sb and Zn, are documented at many K-T boundary sites (e.g., Kyte et al., 1980; Smit and Ten Kate, 1982; Strong et al., 1987; Gilmour and Anders, 1989; Schmitz, 1992) . The concentrations of As in the goethite-rich layers of this study (307-851 ppm) are much higher than those in the K-T sediments of the world (7-256 ppm). For other elements, middle to heavy REEs are elevated in the goethite-rich layers (Table 2) .
Iridium and other platinum group element (PGE) concentrations
We attempted to measure the concentrations of Ir and some other PGEs for selected samples including goethite-rich samples. Iridium and Pt concentrations could be measured, but the other elements were lower than the detection limits (Table 3). The iridium concentration is relatively low (0.02-0.24 ppb) compared with those in the typical K-T boundary layers of the world (0.5-87 ppb) (e.g., Gilmour and Anders, 1989; Claeys et al., 2002) . Notable is that the Ir concentration is not high in the goethite-rich layer (0.05-0.10 ppb) where some siderophile and chalcophile elements are enriched (Figs. 5 and 6 ). In two samples of layer A (MD01, 3-10), Ir yields slightly higher concentrations (0.13-0.24 ppb). As for Ir, the Pt concentrations of the Medetli section (except 3-07) are generally low compared with those of other K-T boundary sediments (e.g., Ganapathy, 1980; Kyte et al., 1980; Smit and Hertogen, 1980; Evans et al., 1993) . The sample 3-07 indicates Pt concentration of 19.0 ppb and this value is only comparable with those of K-T boundary sediments at Gubbio (Ebihara and Miura, 1996) . There is no correlation between Ni and Ir concentrations (Fig.  7) . Also No correlation is found between Ir and Pt (Table 3 ). This may be partly due to differential mobilization of Ir and other PGEs during low temperature diagenesis under reducing condition (Wallace et al., 1990) . These low values of Ir concentration particularly for goethite-rich layers are close to the background level of the K-T boundary sediments of the world. These results are not consistent with those of the other well-known K-T boundary sites (e.g., Gubbio, Stevens Klint, Woodside Creek, Caravaca and Zumaya) where high Ir concentrations (4-580 ppb) and their covariation with Co, Ni and some other elements are found (e.g., Schmitz, 1988; Gilmour and Anders, 1989) . In Medetli section Ir concentration as high as in those K-T sites could not be obtained. However, in some marine K-T sites Ir peaks are not necessarily so high (for example, 0.7 ppb for DSDP Site 536; 1.5 ppb for Brazos River, Texas; 0.5 ppb in Mimbral, Mexico) (Rocchia et al., 1996) . Iridium is slightly enriched in the uppermost part of layer A (0.24 ppb for MD01) in Medetli section of this study. This value is clearly higher than the background level in this region (0.02-0.05 ppb). Although it is not eliminated that Ir is concentrated all from the terrestrial sources, it is not unlikely that some amounts of Ir was derived from extraterrestrial materials and that the Ir enriched layer was situated in the uppermost part of layer A or bottom of layer B. Iridium and some other related elements may have been diluted during sedimentation and diagenesis.
Origin of goethite-rich layers
Goethite is a common mineral in K-T boundary sediments worldwide (e.g., Kyte et al., 1980; Schmitz, 1992; Gilmour and Anders, 1989) . Generally ferric hydroxide such as goethite and jarosite are considered to represent weathered pyrite or re-precipitated iron from dissolved pyrite (Schmitz, 1992) . The ferric hydroxides are also common along small cracks and root channels in the sedimentary rocks, and are considered to anoxically scavenge As and Sb from sea water (e.g., Peterson and Carpenter, 1986) . Although the goethite-rich layers in this study do not contain pyrite as prior mineral phase, it is probable that the goethite was formed from dissolved pyrite. In many K-T sites the correlation of As and Sb with Ir was demonstrated, particularly for marine K-T sites (Gilmour and Anders, 1989) . In the Medetli section of this study, the correlation is not found. Arsenic and Sb (and Zn) enrichments in goethiterich layers may be explained by incorporation (or precipitation) as pyrite phase, originally from sea water or continental crust. As stated before, Ni and Co concentrations in the goethite-rich layers are within the ranges of those for well known K-T boundary sediments. Thus the possibility that some amounts of Co, Ni and Fe in the goethiterich layers are of extraterrestrial origin is not excluded.
Comparison with other K-T boundary sites
Medetli section shows some differences from those of the other K-T sites of the world. In many marine K-T sites, thin (1-2 cm) red clay layer is intercalated between the Cretaceous and Tertiary sedimentary rocks (Gubbio, Caravaca, Stevns Klint, Woodside Creek etc.) . In these thin layers the markers for asteroid impact such as enrichment of Ir and other PGEs and some siderophile elements, mineral or glass spherules, shocked quartz grain are included. These results have suggested that the K-T extinction event occurred during very short time interval (e.g., Alvarez, 1986; Wolbach et al., 1988; Gilmour and Anders, 1989) . Medetli K-T related section consists of about 37 cm of yellow colored sandstone layer including thin several goethite-rich layers and probably the top of the layer A, and this section is not similar to the sections of well-known K-T sites. In recent studies, however, it has been clear that the temporal and stratigraphic differences in markers showing the impact of extraterrestrial materials exist during the K-T time. For example, spherule rich layer is 60 cm lower than the Ir rich layer in Haiti K-T section, and several peaks of Ir enrichment were found in 30 cm section in Brazos River, Texas (e.g., Rocchia et al., 1996) . Separated existence of spherule-rich layer and Ir-rich layer was documented from the Mimbral section, Mexico, and thus an extended period of time from spherule deposition to Ir precipitation was proposed (Stinnesbeck et al., 1993) . However, more recent studies have shown that these complex sedimentological features are explained as a result of single impact at Yucatan Peninsula (e.g., Smit et al., 1996; Smit 1999) . The Medetli section, particularly the top of layer A and layer B, may be explained as a result of the same event. In this study, some other markers or evidence for the impact of extraterrestrial materials (such as shocked quartz with characteristic planar deformation features, mineral or glass spherules etc.) have not been found yet. The actual K-T boundary may be situated between the top of layer A and the bottom of layer B. Though the possibility that the real K-T boundary may have been eroded is not eliminated, the top of layer A and layer B of the Medetli section seem to have been formed during the K-T and its related time.
CONCLUSION
Cretaceous-Tertiary (K-T) transitional layers in Medetli, Gölpazari, northwestern Turkey show different stratigraphical and chemical profiles comparable to well-known K-T boundary layers of the world. Late Maastrichtian gray colored sandstone layer (layer A) is overlain by yellow colored sandstone layer (layer B) with thin goethite-rich layers. Lower Paleocene limestone (layer C) overlies layer B. Layer B (28-37 cm in thickness) is devoid of fossils. In goethite-rich layers some siderophile elements (Fe, Ni, Co, Cr) and chalcophile elements (As, Sb and Zn) are enriched and these enrichments are comparable with those in the boundary sediments of well-known K-T sites. However, Ir concentration is very low (0.05-0.10 ppb) in the layers. Iridium concentration is slightly elevated only in the top part of layer A (0.24 ppb), and this value is clearly higher than the background level (0.02-0.05 ppb) in this region. The actual K-T boundary is situated probably between the top of layer A and the bottom of layer B. In the Medetli region, the deposition of the top of layer A and the layer B are considered to have been formed by the K-T and its successive events.
